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ABSTRACT 
 
Man-made reservoirs are often used for both water supply and recreation. The Ross 
Barnett Reservoir in central Mississippi, a 33,000-acre man-made lake, provides drinking 
water to the city of Jackson, MS, and forty-eight surrounding communities. Further, an 
estimated 2.5 million people visit the Reservoir each year for recreational purposes, 
including boating, fishing, water-skiing, and swimming. Protecting the water quality in the 
Reservoir is important for these visitors and inhabitants along the shoreline, and for these 
reasons, the U.S. Environmental Protection Agency has selected it as a Priority Watershed 
in Mississippi.  
Presently, there is a concern regarding recent data collected that indicated 
increasing concentrations of bacteria in the Reservoir. To detect possible harmful levels of 
bacteria in recreational waters, pathogen indicator monitoring is used. Sources of 
pathogens may include stormwater runoff, failing septic systems, lake-bottom sediments, 
and animals and humans in direct contact with the water.  A collaborative study to 
investigate potential pathogen contamination in the Reservoir is underway by the 
University of Mississippi, the U.S. Geological Survey, and the Mississippi Department of 
Environmental Quality. The goal of the study is to determine a method of pathogen 
indicator monitoring that takes less time than the standard 24 hours required by current 
methods for detecting bacteria. Such a method would improve the swiftness of notification 
to Reservoir users when the water quality is not appropriate for contact.  
 iii
Pathogen indicators and other water-quality data such as water temperature, pH, 
turbidity, conductivity, dissolved oxygen, nutrients and solar strength, were collected at 
two recreational sites at the Reservoir twice a week for 23 events through the spring and 
summer of 2013 as part of the collaborative study. Average concentrations for all E. coli, 
enterococci, and fecal coliform were 264 cfu/100mL, 175 cfu/100mL, and 298 cfu/100mL, 
respectively. The concentrations of pathogen indicators, nutrients, and values of physical 
parameters were statistically analyzed to provide insight about contamination sources. The 
use of remote sensing technology and water quality data was explored. The Normalized 
Difference Suspended Sediment Index (NDSSI) was used to determine relationships 
between turbidity and bacteria. Overall, this research indicated that two water quality 
indicators of harmful bacteria levels in the water were turbidity at sites with low water 
circulation days following rain events. 
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1. INTRODUCTION  
Recreational water bodies are bodies of water where people can swim, boat, fish, 
and participate in any kind of water sport. These fresh water bodies include reservoirs, 
lakes, rivers, man-made beaches, etc. Monitoring and maintaining the water quality of these 
water bodies is crucial to human health. Monitoring agencies post swimming advisories or 
beach closures when harmful levels of bacteria are detected in swimming waters. The 
public can, knowingly or unknowingly, come into contact with pathogens, or bacteria, in 
these recreational waters.  Consequences of contact with the contaminated water range 
from mild cases of gastrointestinal illness to death. However, current monitoring 
techniques are not designed so as to allow the agencies to alert the public in a swift 
manner, because most bacteria analysis techniques take 24 hours to yield results. 
Therefore, it is important for monitoring agencies to accurately monitor and swiftly alert 
the public to these possible dangers.  
Monitoring bacteria in recreational waters can be complex. Pathogens can come 
from any number of sources including permitted discharges, stormwater runoff, failing 
septic systems, lake-bottom sediments, animals, and humans in contact with the water. To 
measure bacteria in recreational waters, the water is typically analyzed for fecal indicator 
bacteria (FIB). FIB detects the presence of pathogens in the water. Currently, the State of 
Mississippi only tests the water for fecal coliform. However, the Environmental Protection 
Agency (EPA) issued an updated Recreational Water Quality Criteria (RWQC) in 2012 
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recommending that waters be tested for E. coli and enterococci. As such, all three were 
analyzed in this study.  
The objectives of this thesis were to determine what water quality conditions, 
conditions which can be measured in a short amount of time, could indicate harmful levels 
of bacteria in recreational waters and to provide research that aids in improving the water 
quality monitoring of recreational waters.  
These objectives were accomplished by studying the water at two popular parks on 
the Ross Barnett Reservoir near Jackson, MS. The Reservoir, a 33,000-acre man-made lake, 
in central Mississippi provides drinking water to the city of Jackson, MS, and forty-eight 
surrounding communities. It is also a popular recreational area for the public. An estimated 
2.5 million people visit the Reservoir each year for boating, fishing, water-skiing, and 
swimming. Protecting the water quality in the Reservoir is important for these visitors and 
inhabitants along the shoreline. Recognizing this, the U.S. Environmental Protection Agency 
has selected it as a Priority Watershed in Mississippi.  
Pathogen indicators and other water-quality data such as water temperature, pH, 
turbidity, conductivity, dissolved oxygen, nutrients and solar strength, were collected at 
two recreational sites at the Reservoir twice a week for 23 events through the spring and 
summer of 2013. The concentrations of bacteria, nutrients, and values of physical 
parameters were statistically analyzed to provide insight about contamination sources. The 
relationship between bacteria concentration after rain events was also examined. This 
research indicated that two water quality indicators of harmful bacteria levels in the water 
were turbidity at sites with low water circulation and days following rain events. 
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2. BACKGROUND 
2.1 Recreational Water Quality 
2.1.1 Pathogens and Recreational Water Illnesses 
In a general, pathogens are microorganisms that cause disease. Microorganisms 
exist in all ecosystems. They can be very valuable working as instruments of chemical 
decomposition, food sources for animals, digestive aids for animals, and as mechanisms of 
the nitrogen cycle and various biogeochemical cycles. Microorganisms are even useful in 
the medical field for providing antibiotics (U.S.EPA 2013a).  
However, there are small divisions of microorganisms that cause human diseases, 
known as human pathogens. These microorganisms are harmful and if ingested by people, 
can cause various illnesses from gastrointestinal issues to death. Harmful human 
pathogens usually originate from feces of humans and other warm-blooded animals 
(U.S.EPA 2013a). The harmful pathogens that are usually associated with waterborne 
illnesses are sorted into 3 groups: bacteria, protozoans, and viruses. For the purpose of this 
study, bacteria are the main concern. Bacteria are unicellular organisms with no organized 
nucleus or chlorophyll. The majority of bacteria is not pathogenic, or harmful. Several types 
of bacteria, including the coliform group, streptococcus, lactobacillus, staphylococcus, and 
clostridia, can be found in feces from warm-blooded animals, including from farming and 
domestic sewage. This pathogenic type of bacteria is chief concern of the EPA (U.S.EPA 
2013a). Studies have shown that the chance of gastrointestinal illness associated with 
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recreational waters contaminated by animal feces may not be different from waters 
contaminated by human feces (Turgeon 2012). 
According to the Centers for Disease Control and Prevention, the top ten causes of 
untreated recreational water outbreaks are (in order) Shigella, Norovirus, E. coli, 
Crytosporidium, Avain schistosmoes, Giardia, Leptospira, algal blooms, Plesiomonas, and 
Campylobacter (2014). Diarrhea, the most commonly reported recreational water illness 
(RWI), are caused by Cryptosporidium, Giardia, Shigella, norovirus, and E. coli O157:H7 
(CDC 2013). A brief description of each of these disease-causing bacteria is below.  
Shigella is a disease that results in diarrhea, fever, and stomach cramps soon after being 
exposed. Shigellosis normally lasts a week. Norovirus can be contracted by exposure to 
contaminated water or food, or from someone who is already infected. It leads to an 
inflamed stomach and intestines causing abdominal pain, nausea, and diarrhea (CDC 2014). 
Escherichia coli (E. coli) commonly live in the intestines of animals and people. The majority 
of E. coli is harmless and is beneficial to the intestinal tract. The pathogenic E. coli are the 
disease causing bacteria that result in diarrhea and illness outside the intestinal tract. It can 
be spread through contaminated water, food, or contact with animals or people. In North 
America, most of the E. coli outbreaks result from the strand E. coli O157:H7 (CDC 2014).  
 Cryptosporidium, or crypto, is a parasite that causes the diarrheal disease 
cryptosporidiosis. Several species of crypto can infect both people and animals. Because of 
the parasite’s protective outer shell, it can live outside the body for long periods of time 
and is very tolerant to chlorine disinfection. It can be transmitted in various ways, but 
water contact is the most common (CDC 2014). Avian schistosmoes, also known as 
cercarial dermatitis or swimmers itch, is a skin rash caused by an allergic reaction to 
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certain parasites that can infect birds and mammals. These parasites are discharged from 
infected snails into fresh and salt water. Ideally the parasite will attach to a certain bird or 
mammal, but if it comes into contact with a person swimming, it will burrow into the skin 
and cause the rash. It is common the world over and does not usually require medical 
attention (CDC 2014). Giardia, also a parasite, causes the diarrheal illness called giardiasis.  
It is found on surfaces, soil, food, or water that has been contaminated with feces from 
animals or humans.  Like crypto, it has a protective outer shell that allows it to survive out 
of the body for long periods of time. Water is the main transmission method (CDC 2014). 
Leptospirosis is a bacterium that is spread through the urine of infected animals (several 
different kinds). This infected urine can get into water or soil and can survive there for 
weeks to months. The animals may also continue to excrete the bacteria continuously or 
sporadically anywhere from a few months to several years. People can be infected (through 
the eyes, nose, mouth, or scratch) by contact with urine or bodily fluids from animals or by 
contact with water, soil, or food the animal urinated on. Infection is common because of 
contact with contaminated water (CDC 2014).  
Although not a microorganism, algae blooms can be potentially harmful. Algae are 
vital to freshwater and marine ecosystems. Algal blooms occur in drinking and recreational 
waters when certain types of microscopic algae grow quickly in water, because of changes 
in levels of nitrogen and phosphorus from fertilizer, in the water. Harmful algal blooms 
(HABs), however, can deplete the oxygen and block the sunlight that other organisms need 
to live. HABs can even produce toxins that are harmful to the environment, plants, animals, 
and people (CDC 2014). Plesiomonas shigelloides is a bacterium that results in diarrhea, 
nausea, vomiting, fever, chills, and abdominal pain. It can be found in animals and 
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freshwater fish. It occurs about 24 hours after consuming food or water. Most human 
infections are waterborne. Illness is usually mild with no medical treatment needed. It is 
not related to Shigella (WDPH 2005). The final bacterium is Campylobacteriosis. This is a 
bacterium that causes diarrhea, cramping, abdominal pain, and fever. Occasionally, it can 
spread to the bloodstream, resulting in a life threating infection. Feces from cows and wild 
birds can pollute surface waters (CDC 2014).  
Most people are exposed to pathogens by contact with contaminated recreational 
waters while participating in various water activities, especially from accidental ingestion 
of the water. The most common result of swimming in these contaminated waters is 
gastroenteritis. It causes inflammation of the intestinal tract with symptoms including 
chills, nausea, diarrhea and fever (U.S.EPA 2013a). Although gastrointestinal issues are the 
most common illnesses from these pathogens, illnesses affecting the eyes, ears, skin, and 
upper respiratory tract are possible as well. Besides accidental ingestion, bacterial 
infection can happen from the microorganisms coming into contact with tears in the skin or 
ruptures in the delicate membranes of the ears and nose (U.S.EPA 2013a).  A list of 
common bacteria and resulting illnesses are listed in the Table 2-1 (U.S.EPA 2013a).  
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Table 2-1: Waterborne Pathogens and Illnesses  
Pathogen Disease Effects 
Bacteria 
Escherichia coli Gastroenteritis 
Vomiting, diarrhea, 
death in susceptible 
populations 
Helicobacter pylori Gastritis 
Diarrhea. Peptic ulcers 
are a long term sequel. 
Legionella 
pneumophila 
Legionellosis 
Acute respiratory 
illness 
Leptospira Leptospirosis 
Jaundice, fever (Weil’s 
disease) 
Pseudomonas 
Infections in 
immunocompromised 
individuals 
Urinary tract 
infections, respiratory 
system infections, 
dermatitis, soft tissue 
infections, bacteremia, 
and a variety of 
systemic infections 
Salmonella typhi Typhoid fever 
High fever, diarrhea, 
ulceration of the small 
intestine 
Salmonella Salmonellosis Diarrhea, dehydration 
Shigella Shigellosis Bacillary dysentery 
Vibrio cholera Cholera 
Extremely heavy 
diarrhea, dehydration 
Yersinia enterolitica Yersinosis Diarrhea 
 
The problem with linking these diseases with contaminated waters is that people 
frequently do not associate their gastrointestinal issues or illnesses with swimming in 
polluted water. And if they do recognize the source of the illness, they typically do not 
report it. This results in disease outbreaks that are inconsistently documented (U.S.EPA 
2013a).   
In order to detect if these disease causing microorganisms are present in the water 
at harmful, above standard concentrations, monitoring agencies test the water for fecal 
indicator bacteria (FIB). It can, however, be difficult to detect all the various pathogens so 
testing for FIB acts as an umbrella for detecting possible disease causing organisms in the 
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water. According to the EPA, FIB “provides evidence of the presence or absence of a 
pathogenic organism that survives under similar physical, chemical, and nutrient 
conditions ” (U.S.EPA 2013a). They also should be easily detectable from lab testing, 
typically not be present in uncontaminated waters, appear in concentrations that can be 
correlated with the extent of contamination, and have a die-off rate that is slower than the 
die-off rate of the pathogens of concern (U.S.EPA 2013a). Figure 2-1 shows the relationship 
between the FIB. 
 
Figure 2-1: Relationships between Fecal Indicator Bacteria (FIB) 
Escherichia coli (E. coli), enterococci, and fecal coliform are all bacteria that are used 
as indicators of pathogens in the water. E. coli is used a majority of the time to indicate a 
presence of domestic sewage (Whitman et al. 2003). For the remainder of this thesis, the 
terms, bacteria and FIB, will be interchangeable.   
Indicator Organisms 
Total Coliform 
Bacteria 
Fecal Enterococci 
/Streptococci 
Fecal Coliform 
Bacteria 
Escherichia coli 
Enterococcus Streptococcus 
E. faecalis 
E. avium 
E. faecium 
S. bovis 
S. equinus 
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2.1.2 Sources  
Studying the sources of indicator bacteria can be complex, with many interacting 
influences. Various internal and external sources of bacteria in recreational waters can 
muddle the accuracy of the water samples collected for beach monitoring (Whitman et al. 
2006). Bacteria counts can change within moments of collecting a water sample due to 
inputs coming from point sources, nonpoint sources, and the processes of inactivation, 
exportation, and deposition (Whitman et al. 2006). According to section 502 (14) of the 
Clean Water Act, “the term "point source" means any discernible, confined and discrete 
conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, 
discrete fissure, container, rolling stock, concentrated animal feeding operation, or vessel 
or other floating craft, from which pollutants are or may be discharged. This term does not 
include agricultural stormwater discharges and return flows from irrigated agriculture” 
(U.S.EPA 2012a). Point sources are easier to determine than nonpoint sources, natural 
inputs, or seasonal effects.  
Nonpoint sources are not as localized as point sources.  Pollution from nonpoint 
sources, defined as anything not listed in the point source definition above, usually comes 
from “land runoff, precipitation, atmospheric deposition, drainage, seepage or hydrologic 
modification” (U.S.EPA 2012b). Studies have suggested that a significant portion of E. coli 
could come from nonpoint sources coming from the beach area, such as sand, birds, and 
sediment storage (Whitman et al. 2003). The EPA reports that nonpoint sources are the 
foremost cause of water quality problems (2012b). Probable nonpoint sources could 
include sewage overflows, leaking septic systems, rainfall, birds on the beach, and onshore 
winds (Whitman and Nevers 2003). Fecal contamination can come from numerous sources 
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including wildlife, urban, and agricultural activities and can cause health risks for the 
public (Turgeon 2012). Also, waves may re-suspend E. coli that have been previously 
deposited or move E. coli away from the shoreline (Nevers and Whitman 2005). Both can 
lead to elevated E. coli counts. Relationships between E. coli and environmental factors are 
more complicated than a sewage release. Indicator bacteria can come from sources closer 
than sewage treatment plants, and they can occur independently of storms (Nevers and 
Whitman 2005). Although indicator bacteria can be present in harmful concentrations in 
recreational swimming waters, they will eventually return to safe swimming 
concentrations. 
The sediment and sand along the water’s edge, however, could be a meaningful 
source of microbes (Whitman and Nevers 2003). Foreshore, or beach, sand plays a 
prominent role in bacterial lake water quality, and it may be environmentally and 
hygienically problematic. The World Health Organization (WHO) has expressed concern 
that beach sand can act as basins for infection, yet they say that the main microbial risk to 
the public is on beaches arising from contact with animal fecal matter, especially dogs 
(2015).  People tend to spend a lot of time in contact with the sand, especially children and 
the elderly, and this contact could be a major contamination source. The sand can preserve 
significant levels of indicator bacteria, which usually exist in higher concentrations in the 
sand than in the water column (Whitman and Nevers 2003).  The E. coli can maintain this 
population density in beach sand especially during the summer months, which is prime 
bathing season, independent of any outside inputs (Whitman and Nevers 2003).  
Replacing beach sand does not act as an effective remediation technique either. At 
the 63rd Street Beach in Chicago, the contaminated beach sand was replaced with new 
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 E. coli free sand, but within only 2 weeks the sand had the same E. coli concentrations as 
before. The fresh biologically unexploited sand could have provided a place for rapid 
colonization and growth of the E. coli (Whitman and Nevers 2003).   
E. coli, once established in forest soil can endure throughout the year, acting as a 
continuous nonpoint source to nearby streams. E. coli may be stored not only in forest soils, 
but in sediments surrounding springs, bank seeps, stream margins and pools, foreshore 
sand, and surface groundwater (Whitman et al. 2006).  However, forested areas have been 
associated with better water quality since they can reduce water runoff into surface waters 
(Turgeon 2012).  
 Agricultural activities can be a source of fecal pollution as well. The pollution can 
come from animals and manure piles from farms (Turgeon 2012). Salmonella Enterica, 
Campylobacter jejuni and coli, E. coli O157:H7, Giardia spp. and Cryptosporidium spp. are 
pathogens carried by these animals that reach recreational water mainly from rainfall 
runoff. Even manure spread on crops as a fertilizer contains large amounts of fecal 
microorganisms. Thus, water running off agricultural lands usually far exceeds the 
recreational water bacteria concentration limits (Turgeon 2012).  
Urban (urban activities + wildlife +people) 
Fecal contamination from urban activities can happen several ways. Water can run 
off during rain events either by the sewer systems, which carry pollutants from domestic 
wastes, fauna, and wildlife, or directly from beaches (Turgeon 2012). People bathing in the 
water can be a source of fecal contamination, especially children. Children can have a fecal 
accident and be a source of fecal microorganisms. People can also walk fecal 
microorganisms into the water from the beach, as well as kick up the bottom sediment 
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which causes contact between people and the bacteria trapped in the bottom sediment 
more frequent (Turgeon 2012). People participating in bathing activities also contribute to 
or act as a source of FIB by shedding off indicator bacteria, walking into the water and 
resuspending contaminated sediments, and transporting bacteria from the sand to the 
water (Whitman and Nevers 2003). Another potential source of FIB in recreational waters 
and beaches is the presence of waterfowl. They have been linked as a direct source of E. coli 
in sand and water (Whitman and Nevers 2003). Waterfowl can be transporters of many 
fecal pathogens including Campylobacter, Salmonella, and Cryptosporidium. They can 
contaminate recreational waters by direct deposit of fecal matter or by contaminating the 
beach sand (Turgeon 2012). Other wildlife can also contribute to the bacteria in the water. 
Domestic animals, like dogs and cats, on the beach also add to fecal contamination. They 
can transport pathogens like Campylobacter, Salmonella, Giardia, and Cryptosporidium. 
These pathogens can then reach the water by rainfall runoff (Turgeon 2012).  
All of these possible sources can be released into recreational waters when natural 
events like rainfall occur. Rainfall runoff can transport bacteria a long distance, therefore 
adding to the pollution in recreational waters (Turgeon 2012). Consequently, after rainfall 
events, bacteria concentrations tend to increase (Whitman et al. 2006). During flushing 
(rainfall), high lake stages result from the influx of high volumes of water. This water 
carries wash containing E. coli and other bacteria from numerous sources. This influx of 
waters leads to high turbidity from the suspended sediment, and it can also change the 
color of the water (Nevers and Whitman 2005).  
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Groundwater is not considered a source of bacteria unless it has been heavily and 
directly contaminated, although E. coli can survive in it for several weeks (Whitman and 
Nevers 2003).  
2.1.3 Water Quality Properties 
Water quality measurements provide many details about water and the 
environment surrounding it. Each water body is different and will have its own typical 
measurements. To maintain the health of a water body, attention must be paid to changes 
in the measurement of water quality properties. It is the changes from the typical 
measurements that reveal what is happening with the water quality.  Below is a description 
of water properties that are commonly measured when studying water quality.  
The water temperature is one property that is usually recorded whenever a water 
sample is being collected. Water temperature is significant because it influences biological 
activity and water chemistry. Organisms, like fish, insects, and other aquatic animals, all 
have a desired temperature range in which they must live. So the temperature of the water 
is a major factor in determining which of these organisms’ lives in lakes and rivers. Water 
temperature also plays a role in the rate of chemical reactions. The higher the temperature, 
the faster they occur. For example, waters with higher temperatures dissolve minerals 
from rocks more easily and as a result will have a higher electrical conductivity. However, 
when waters have cooler temperatures, the dissolved oxygen in the water will be higher. 
Warm water has less dissolved oxygen and may not be enough for some species of aquatic 
life (USGS 2014a).  
 Even runoff from impervious surfaces is a factor in water temperature. In 
undisturbed environments, the water temperature is not a major concern for aquatic life 
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since they naturally survive there. It becomes a concern, however, when the temperature of 
the water body changes due to natural or human caused events. Runoff occurs after rain 
events when the water runs off impervious surfaces, like parking lots and roads, into 
surrounding water bodies instead of soaking into the ground. In the summer months, this 
rain falls onto parking lots that have been heating in the sun all day causing the water 
running off to be heated as well. This heated water can be harmful to the aquatic life as well 
as to the water quality. The heated runoff also picks up contaminants from the pavements 
including leaking motor oil, hydrocarbons from exhaust, fertilizer, and trash. Also during 
the summer, the surface of the water will usually be warmer than the water near the 
bottom sediment (USGS 2014a).  
Sunlight and temperature play a crucial role in the survival rate of fecal indicator 
bacteria. Incoming solar radiation (insolation) is one of the strongest factors in inactivating 
or killing E. coli and enterococci in water (Whitman et al. 2004). Most of the studies done 
on insolation and fecal indicator bacteria have been tested in marine waters, but both 
marine and fresh waters share the same response of bacteria to sunlight. Additionally, it is 
important to note that E. coli will survive longer in freshwater than in saline (Whitman et 
al. 2004).  
E. coli concentrations are typically higher in the morning, when sunlight is not as 
strong, than in the afternoon. Sample collection is usually done in the morning as a worst-
case scenario. On sunny days, E. coli concentrations usually decrease with day length and 
exposure to insolation (Whitman et al. 2004). Water on cloudy days usually has higher E. 
coli concentrations due to the decreased solar inactivation. There are also several factors 
that can affect how far sunlight will infiltrate the water including cloud cover, turbidity, 
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lake level, and time of day.  Solar inactivation is an important mechanism for natural 
reduction of indicator bacteria (Whitman et al. 2004). Some impacts of the parameters 
related with E. coli concentrations include solar radiation that inactivates the E. coli 
(Nevers and Whitman 2005).  The bacteria count in water decreases more quickly on 
sunny days than clouds days, even at different depths, due to the exposure to solar rays and 
the fact that microorganisms survive longer in colder temperatures (Turgeon 2012). 
Dissolved Oxygen (DO) is another water quality property that is recorded almost all 
the time water is studied. It is simply the amount of how much oxygen is dissolved in the 
water. Related to the water temperature, dissolved oxygen is vital for aquatic life. Dissolved 
oxygen concentration is inversely proportional to water temperature. Dissolved oxygen in 
surface water is determined by the seasons and the daily cycle. When the water 
temperature is low, in winter and early spring, the dissolved oxygen is high. In summer and 
fall, when the temperature is high, the dissolved oxygen tends to be low (USGS 2014b).  
If the dissolved oxygen drops below normal levels, the water quality decreases and 
the aquatic life will start to die off. Even the water body itself can be “die” in a process 
known as eutrophication. Eutrophication occurs when there is an excess of nutrients, like 
nitrate and phosphate, in the water, causing high levels of organic matter to decompose 
and deplete the water of oxygen. This depletion of oxygen then causes the death of 
organisms, like fish, but it is greatly increased by human activity. Water that is always 
moving usually contains high levels of dissolved oxygen. Stagnant water, however, contains 
lower levels. This is a breeding ground for bacteria that can consume the oxygen. Since 
dissolved oxygen is vital to aquatic life, it is measured to determine the health of water 
bodies (USGS 2014b).  
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Another common water property is pH. The pH of the water can affect aquatic life, 
as well as be an indicator of pollution or another concern. pH is a measure of how acidic or 
basic the water is. This measurement ranges from 0 to 14, with 7 as neutral. A 
measurement of less than 7 signifies acidity, whereas greater than 7 indicates a base. 
Chemicals in the water can affect pH, so pH is a good measure of water that is changing 
chemically (USGS 2014c). Figure 2-2 shows pH ranges (USGS 2014c). 
 
Figure 2-2: Diagram of pH  
Specific conductance measures the ability of water to conduct an electrical current, 
which is dependent on the amount of dissolved solids, like salt, in the water. This is an 
important water quality measurement because it gives an idea of the amount of dissolved 
material in the water. A high specific conductance means a high dissolved solids 
concentration. High levels of dissolved solids can affect the appropriateness of water for 
domestic, industrial, and agricultural uses (USGS 2014d).  
Rain events can deliver lots of sediment into the water. This sediment is one of the 
causes of turbidity in water. Turbidity is a significant water quality property. The level of 
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turbidity indicates how cloudy the water is. It is a result of the amount of light that is 
scattered by material in the water when light is shined through it (USGS 2014e).  The 
higher the level of turbidity, the cloudier the water is. This can be caused by a number of 
factors like clay, silt, organic and inorganic matter plankton, and microscopic organisms 
(USGS 2014d). It can obstruct disinfection, increase microbial growth, and can suggest the 
presence of pathogens in the water (U.S.EPA 2013b). Turbidity is measured in 
nephelometric turbidity units (NTU). When turbidities are low, they are usually less than 
10 NTU. High concentrations of particulate matter in water, or turbid waters, can have 
harmful effects on light penetration and productivity, recreational values, and habitat 
quality. The particles are great for housing pollutants like metals and bacteria, making 
turbidity measurements a good indicator of pollution in water bodies. High levels of 
turbidity can cause regrowth of pathogens, leading to waterborne disease outbreaks which 
lead to gastrointestinal illnesses in humans (USGS 2014e).  
2.1.4 Current Monitoring Techniques and Research 
Of late, there exists a greater awareness of recreational water contamination and 
the desire to protect public health. With this increasing awareness, the inadequacies of 
current monitoring techniques have been brought to light. Rapidly changing fecal indicator 
bacteria (FIB) concentrations result in management errors that lead to the public being 
exposed to high FIB concentrations or beaches being closed despite acceptable water 
quality (Nevers and Whitman 2011). Even at beaches with low concentrations of FIB and 
proper monitoring, the risk of contracting an illness still exists (U.S.EPA 2013a).  
Current beach monitoring programs rely on the assumption that E. coli counts in 
water on the sampling day will be similar on the reporting day (the next day). Research has 
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shown that there is a poor relationship between the density of E. coli on the sampling date 
and the next day when the results are used to make beach-closing decisions (Whitman and 
Nevers 2003). The laboratory methods currently used have been criticized because of this 
24-hour lapse between sample collection and results availability. These widely used 
techniques are the standard for freshwater beach monitoring (Whitman and Nevers 2004). 
Additionally, the EPA states that a beach should be closed to swimming if a single sample 
has an E. coli density of 235 CFU/100 mL or greater (U.S.EPA 2012c).  
Besides the problem with delayed results, research has found several other factors 
that influence the results of indicator bacteria testing. Water samples are usually collected 
in the morning (when bacteria concentrations are highest) rather than later in the day. The 
amount of samples collected for analysis varies widely among monitoring programs, so 
some decisions are based on one single sample while others take into consideration several 
samples (Whitman and Nevers 2004). Water samples are also collected at different depths, 
times, tides, and at different levels within the water column, all of which can affect relative 
E. coli densities. The location of sampling can be highly variable, with some samples being 
collected near swimmers, near an input site, or at a reference distance from recreational 
activities. The day of sampling could explain the majority of the E. coli variation 
concentrations, more so than beach, depth, or time of day (Whitman and Nevers 2008). All 
these inconsistencies in fixed monitoring design can add to unexplained error in E. coli 
counts, a monitoring problem compounded by the lengthy laboratory time (Whitman and 
Nevers 2004). 
A promising technique to maximize recreational beach-monitoring accuracy and 
efficiency is predictive modeling. Several ambient conditions impact E. coli concentrations 
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in natural waters. These conditions include sunlight, wind speed and direction, wave 
height, turbidity, and tidal period in marine waters. By analyzing the relationship between 
such parameters and E. coli concentrations mathematically, E. coli counts could be 
predicted using the above parameters thus eliminating the need to collect the water sample 
and culturing for E. coli (Nevers and Whitman 2005). Not only would it save time, but 
modeling can also be used more often, making it more suitable for use in systems with high 
E. coli variation over short periods of time. Advantages of modeling include the ability to 
use readily available hydrometeorological data, shorter time for results, and cost-
effectiveness (Nevers and Whitman 2005). A solid database of E. coli concentrations and 
other water quality parameters for the beach area would be required. FIB standards were 
initially developed to alert beach managers of sewage contamination in the recreational 
waters, but several potential non-point sources of E. coli in natural environments have 
been found, including soils, sands, and beach algae. These constituents can interfere with 
the assessment of sewage presence (Nevers and Whitman 2005). Therefore, it is very 
important to find the source of contamination and the health risks. 
2.1.5 Environmental Protection Agency Water Quality Recommendations 
In 2012, the United States Environmental Protection Agency (USEPA) released an 
updated version of its 1986 recreational water quality criteria (RWQC) recommendations. 
These recommendations are strictly guidelines, not regulations. Each state has the option 
of using their own monitoring standards. The recommendations are issued under the 
authority of the Clean Water Act (CWA), and are based on the use of two fecal indicator 
bacteria, E. coli and enterococci. The updated guidelines are based on recent research that 
links illness and fecal contamination in recreational waters, and are intended “to protect 
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primary contact recreation, including swimming, bathing, surfing, water skiing, tubing, 
water play by children, and similar water contact activities where a high degree of bodily 
contact with the water, immersion and ingestion are likely” (U.S.EPA 2012c).  
The recommendations are centered on gastrointestinal illness rates defined by the 
National Epidemiological and Environmental Assessment of Recreational Water (NEEAR). 
The RWQC are made up of three parts: magnitude, duration, and frequency. The 
magnitudes of the FIBs are described by the geometric mean (GM) and the statistical 
threshold value (STV) of the bacteria concentrations. The STV compromises the 90th 
percentile of the water quality distribution and should not be exceeded by more than 10 
percent of the samples taken. Table 2-2 shows a summary of the magnitude component of 
the RWQC (U.S.EPA 2012c). For this study, recommendation 1 is followed. As far as the 
duration and frequency components, the GM and STV of a water body should not be greater 
than the recommended GM and STV in any 30-day period (U.S.EPA 2012c).  
Table 2-2: Magnitude Component of RWQC 
Criteria 
Elements 
Recommendation 1 
Estimated Illness Rate 36/1,000 
Recommendation 2 
Estimated Illness Rate 
36/1,000 
Indicator 
GM 
(cfu/100 mL) 
STV 
(cfu/100 mL) 
GM 
(cfu/100 mL) 
STV 
(cfu/100 
mL) 
Enterococci 
(marine and 
fresh) 
35 130 30 110 
E. coli (fresh) 126 410 100 320 
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2.1.6 State of Mississippi Water Quality Standards 
Water quality guidelines for the state of Mississippi are issued in the State of 
Mississippi, Water Quality Criteria for Intrastate, Interstate, and Coastal Waters report. 
Currently, the State only monitors recreational waters for fecal coliform. Since the 
Reservoir is both a recreational water body and the source of drinking water for the city of 
Jackson, it’s public water supply standards and recreational water quality standards are the 
same. The public water supply also meets the requirements for secondary contact 
recreation, which is outlined as minor contact with the water during activities like wading, 
fishing, and boating, that will not lead to fully body immersion. During prime recreational 
water activity season, the months of May through October, fecal coliform cannot exceed a 
“geometric mean of 200 per 100 ml based on a minimum of 5 samples taken over a 30-day 
period with no less than 12 hours between individual samples, nor shall the samples 
examined during a 30-day period exceed 400 per 100 ml more than 10% of the time” 
(MDEQ 2007).  
2.2 The Ross Barnett Reservoir  
2.2.1 History 
The Reservoir is a 33, 000 acre lake that serves as the City of Jackson’s (and 
surrounding areas) drinking supply source. Built in the 1960’s primarily as the City of 
Jackson’s water supply source, projects were soon developed that would provide free 
recreational areas for people to enjoy (Rezonate 2013).  The Reservoir is in one of the most 
important watersheds in the state, the Ross Barnett Reservoir watershed. As such, the US 
Environmental Protection Agency (EPA) has declared it a Priority Watershed and along 
with state agencies, they have decided to focus their efforts on protecting and restoring 
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waters in the area. The Reservoir is also used for recreation, including boating, water 
sports, fishing, swimming, disc-golf, and camping. An estimated 2.5 million people go to the 
Reservoir each year for recreational purposes (FTN 2011a).  
 
Figure 2-3: Map View of Ross Barnett Reservoir 
The Reservoir is located in Hinds, Madison, and Rankin counties, see Figure 2-3 for a 
map view. Its upstream drainage area is 3,050 square miles and includes portions of twelve 
counties: Attala, Choctaw, Hinds, Kemper, Leake, Madison, Neshoba, Newton, Noxubee, 
Rankin, Scott, and Winston. Municipalities that border the Reservoir include Madison, 
Ridgeland, and Flowood. The City of Jackson is located southwest of the Reservoir, 
downstream of its watershed (FTN 2011b).  The Reservoir’s land use is shown in Table 2-3 
(FTN 2011b).  
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Table 2-3: Land use in the Ross Barnett Reservoir Watershed 
Land Use * Percentage of Watershed (%) 
Forest/Woodland 50.4 
Pasture/Grassland 18.9 
Shrubland 12.6 
Wetlands 8.9 
Developed 6.3 
Open Water 1.8 
Agricultural Crops 1.1 
TOTAL 100.0 
*USDA NASS Cropland Data Layer (CDL) 2008 
Surface water quality monitoring has been conducted since the Reservoir was 
constructed in 1965. The surface water quality is done in accordance of Section 314 of the 
Clean Water Act based on its use as a recreational water body (FTN 2011b). Currently, the 
Reservoir is considered eutrophic under the Carlson Trophic State Index. Eutrophication 
occurs when high levels of nutrients contribute to changes in the aquatic ecosystem 
resulting in decreased dissolved oxygen levels. However, the Reservoir is not considered to 
be impaired and is not listed on Mississippi’s 303(d) list.  
The contributing watershed of the Reservoir is divided into two sections, the 
primary protection area (PPA) and the secondary protection area (SPA) (FTN 2011b). The 
PPA includes open water and any adjacent land from which a contaminant could reach the 
drinking water supply within 24 hrs of being spilled. The SPA includes the rest of the 
watershed, where a contaminant spill would be easier contained or treated before reaching 
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the water supply intake. In both of these areas, the three problems exist and pose problems 
for the drinking water supply: direct spill of hazardous materials, permitted discharges 
from regulated sources, and nonpoint source discharge of pollutants (FTN 2011b). Direct 
spills into the Reservoir can happen at bridges, marinas, boat ramps, or anywhere along the 
shoreline. Because of that, the entire shoreline and Reservoir surface area is considered to 
be PPA.  The regulated sources and concerns are listed in Table 2-4 (FTN 2011b). 
Nonpoint sources are also a problem area because the source cannot be targeted 
specifically. The developed areas, the homes and businesses, along the shoreline contribute 
to nonpoint source pollution. Nonpoint sources and concerns are listed in Table 2-5 (FTN 
2011b).  
Table 2-4: Regulated Sources and Concerns 
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Table 2-5: Nonpoint Sources and Concerns 
 
Six high priority issues in the Reservoir and its watershed include sediments and 
turbid water, nutrient enrichment and algae growth, bacteria and other pathogens, invasive 
aquatic plant species, pesticides, and trash dumping and littering in the Reservoir and 
along the shoreline (FTN 2011c). Excessive sedimentation has been recognized as the most 
substantial water quality concern in the Reservoir by several agencies including MDEQ, 
PRVWSD, the National Resources Conservation Service (NRCS), and the Mississippi Soil and 
Water Conservation Commission (MSWCC).  Also, because of the Reservoir’s large wind 
fetch, the sediments are usually suspended due to wind and wave action. Not only is excess 
sediment in the Reservoir harmful to various aquatic species, it is unsightly which affects 
the public’s perception of the water quality. This negative perception can impact in turn 
effect economic development in the area (FTN 2011c).  
 
 26
Table 2-6: Sediment Concerns in the Ross Barnett Reservoir 
 
In Table 2-6, several locations along the Reservoir are listed along with the sediment 
concerns in the area. The top two locations, Pelahatchie Creek and Mill Creek, are included 
in the locations analyzed for this study. Potential sediment sources in watersheds 
(Pelahatchie Creek, Pelahatchie Bay, Mill Creek) of concern include: construction runoff, 
impervious area, mining, forestry, pasture, and row crop agriculture (FTN 2011c). 
 As far as pathogens in the Reservoir according to Mississippi’s water quality criteria, 
levels are below standards for Fecal coliform. However, the potential for pathogen 
contamination will always be a concern due to all the recreational activities that take place 
along the Reservoir as well as all of the people that live and work by the Reservoir. Possible 
pathogen sources contributing to the Reservoir include septic tanks, animals grazing on 
pastureland, wildlife living near the water, urban stormwater, and effluent from 
wastewater treatment facilities. In Table 2-7 below, a list of pathogen concerns are listed 
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by the watershed of concern (FTN 2011c).  
Table 2-7: Pathogen concerns in the Ross Barnett Reservoir 
 
The Mill-Pelahatchie Creek subwatershed is an important watershed to the 
Reservoir and for this study. It includes the sampling location, Pelahatchie Shore Park. It is 
located entirely in Rankin County. It is adjacent to Pelahatchie Bay, an important location 
for drinking water protection efforts (FTN 2011c). The land in this subwatershed is highly 
developed, meaning it has a lot of impervious surfaces that coupled with rain events leads 
to stormwater runoff. Figure 2-4, displaying land use, shows that 26% of this watershed is 
developed (FTN 2011c). Figure 2-5 displays the infiltration levels within the Mill-
Pelahatchie Creek watershed, showing mostly low and moderate infiltration (FTN 2011c).  
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Figure 2-4: Land Use in Mill-Pelahatchie Creek Watershed 
 
Figure 2-5: Infiltration Levels in Mill-Pelahatchie Creek 
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There has been rapid development within the Mill-Pelahatchie Creek watershed. 
This development has resulted in the removal of natural vegetation leading to high wash 
loads of sediment coming from the construction sites. Because of this, there is poor water 
clarity and reduced water depth in the area (FTN 2011c). The sediments have caused high 
turbidity and navigation problems in the Pelahatchie Bay, regardless of whether they are 
legacy sediments or originate from present-day construction sites and surface mines (FTN 
2011c).  
2.3 Lab Analysis 
In the MDEQ laboratory, all water samples were analyzed by membrane filtration 
which provides results as colony forming units (cfu)/100 mL. Each water sample was 
analyzed for E. coli (EPA method 1603), enterococci (EPA method 1600), and fecal coliform 
(EPA method 9222D). 
2.4 Statistical Analysis 
Statistical analyses were performed using SPSS, version 21. 
2.5 Remote Sensing 
2.5.1 History 
Historically, remote sensing developed from the invention of the camera over 150 
years ago. Cameras, attached to balloons, were used to take photographs that were used in 
creating topographic maps. In Europe, for public amusement, cameras were also attached 
to pigeons to take aerial views of cities. The use of remote sensing greatly increased and 
formed into a science by the First World War. Airplanes with cameras attached were a vital 
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asset in military reconnaissance (Graham 1999). Remote sensing has since developed into 
much more than simple aerial photographs. 
Remote sensing is defined as “any technique for measuring, observing or monitoring 
a process or object without physically touching the object under observation” (Dunbar 
1998). In other terms, it is “the detection and measurement of radiation of different 
wavelengths reflected or emitted from distant objects or materials, by which they may be 
identified and categorized by class/type, substance, and spatial distribution” (Graham 
1999). Since remote sensing is an observational technique, it allows the viewer to avoid 
dangerous or remote regions such as chemical reactors, ocean depths, polar regions, and 
other planets, etc. It also allows measuring without disturbance and gathering large 
volumes of data efficiently and economically. For example, data could be obtained on 
“global measurements of aerosols, air pollution, agriculture, human impact on the 
environment, ocean surface roughness, and large scale geographic features” (Dunbar 
1998). Remote sensing is used over several fields including coastal applications, ocean 
applications, hazard assessment, and natural resource management (US Department of 
Commerce 2014). 
Two types of remote sensors exist: active and passive. Active sensors use internal 
stimuli, like laser beams or radar, to gather data about the Earth. The sensor projects the 
laser onto the earth’s surface and measures the time it takes for the laser to reflect back to 
its sensor. Passive remote sensing systems react to external stimuli, like radiation that is 
naturally reflected from the surface of the Earth, usually from the sun. Passive sensors only 
collect data during daylight (US Department of Commerce 2014).   
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 Since remote sensing is used across different fields and for different purposes, 
several different satellites exist offering a large range of spatial, spectral, and temporal 
parameters. Some data may be needed more often with a lower spatial resolution, 
meteorology for example. Other applications, like military surveillance, require high spatial 
resolution with frequent coverage and quick availability (Schowengerdt 2006).  
2.5.2 Landsat History 
 In the mid 1960’s, the director of the U.S. Geological Survey (USGS), William Pecora, 
devised the idea of using a remote sensing satellite program that would collect facts about 
the natural resources of Earth. Several years later, Landsat 1 was launched in 1972, 
ushering in a new era of remote sensing of land from space (NASA 2014a). When it was 
first launched, Landsat 1 was called Earth Resources Technology Satellite (ERTS). It was 
the first Earth-observing satellite to be launched with the sole intent to study and monitor 
the landmasses of Earth. Outliving its design life by 5 years, Landsat 1 stopped operating in 
1978. The information collected from this satellite beat expectations (NASA 2014b). Since 
that time, a series of satellites, Landsat 1-8, have been launched.  
The two versions of Landsat satellites relevant to this study are Landsat 7 ETM+ and 
Landsat 8 OLI. Landsat 7, with the Enhanced Thematic Mapper Plus (ETM +), was launched 
in 1999. The ETM+ made Landsat 7 more versatile and capable for studying global changes, 
land cover monitoring, and large area mapping than its previous versions. It is the most 
“accurately calibrated Earth-observing satellite,” meaning its measurements are 
exceptionally accurate when compared to ground measurements. Landsat 7 is free to the 
public (since 2008), has a panchromatic band with 15 m spatial resolution, sun-
synchronous polar orbit, and repeat coverage every 16 days. The satellite operated 
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consistently until 2003 when hardware failure caused the loss of its scan line corrector 
(SLC). The SLC problem does affect the imagery causing diagonal black lines, or gaps, 
across the image. To correct this, data from multiple acquisitions can be merged together to 
fill in the gaps (NASA 2014c).  
Landsat 8 OLI was launched in 2013. It represents an advance in technology 
compared to previous satellites. On Landsat 8 are two sensors: the Operational Land 
Imager (OLI) and the Thermal Infrared Sensor (TIRS). These sensors offer seasonal 
coverage of Earth at 3 different spatial resolutions. Landsat 8 normally acquires 550 scenes 
per day compared to Landsat 7’s 438 scenes per day. Table 2-8 shows a comparison of the 
bands on Landsat 7 and Landsat 8 (NASA 2014d).  
Table 2-8: Comparison of Landsat 7 EMT+ and Landsat 8 OLI 
Landsat 7 ETM+ Landsat 8 OLI 
Band 
# 
Resolution 
(m) 
Name 
Wavelength 
(µm) 
Band 
# 
Resolution 
(m) 
Name 
Wave-
length 
(µm) 
 1 30 
Coastal/ 
Aerosol 
0.435-
0.451 
1 30 Blue 0.441-0.514 2 30 Blue 
0.452-
0.512 
2 30 Green 0.519-0.601 3 30 Green 
0.533-
0.590 
3 30 Red 0.631-0.692 4 30 Red 
0.636-
0.673 
4 30 NIR 0.772-0.898 5 30 NIR 
0.851-
0.879 
5 30 
SWIR
-1 
1.547-1.749 6 30 SWIR-1 
1.566-
1.651 
6 60 TIR 10.31-12.36 
10 100 TIR-1 
10.60-
11.19 
11 100 TIR-2 
11.50-
12.51 
7 30 SWIR
-2 
2.064-2.345 
7 30 SWIR-2 
2.107-
20294 
8 15 Pan 0.515-0.896 
8 15 Pan 
0.503-
0.676 
 9 30 Cirrus 
1.363-
1.384 
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2.5.3 Landsat and Water Quality 
Since its initial launch in 1972, Landsat has been providing data that helps make 
decisions concerning one of the planet’s most vital resources, water. A third of the Earth’s 
population does not have access to clean water and the U.N. Environmental Program 
estimates that lack of water will be an issue for 1.8 billion people by 2025.The use of 
Landsat imagery in water resources and quality decisions is imperative (NASA 2014e).  
 Physical samples of water can be collected and water properties recorded. The 
values of these water properties, such as turbidity and bacteria, are analyzed in the lab. 
Many tests done in the lab, like bacterial analysis, take 24 hrs for results. These 
concentrations are then correlated with the measured radiances coming from the surface 
of the water. To find this correlation, an algorithm can be found from the relationships 
between the radiances and the surface variables that are being measured. The algorithm 
will then be able to calculate a specific variable, such as turbidity, based only on radiance 
(reflectance) data (NASA 2014f). This would then reduce the time and money spent on 
water monitoring. Water quality information would be easily attainable at present and 
from historical data. Some benefits of using remote sensing in the maintenance of drinking 
and recreational waters are that “it can give us the tools to determine the spatial and 
temporal patterns of bacterial contamination, thereby yielding information that will lead to 
an understanding of the ecology of a given body of water, which in turn leads to knowledge 
of what causes the contamination and how it can be corrected in the safest, most efficient 
manner” (Vincent et al. 2005).  
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For this study, the remote sensing analysis was done more as an exploratory measure 
to expand research in this area. The data set for this study was limited for this kind of 
analysis. 
  
 35
3. MATERIALS AND METHODS 
3.1 Sampling Locations 
The study area includes two sites on the Reservoir in Brandon, MS. Figure 3-1 lists all 
four recreational areas on the Reservoir: 1-Old Trace Park, 2-Lakeshore Park, 3-Pelahatchie 
Shore Park, 4-Browns Landing. The two locations for this study, Lakeshore Park and 
Pelahatchie Shore Park, are popular recreational areas on the Reservoir and are located 
very close to one another. See locations 2 and 3 in Figure 3-1. They are, however, separated 
by a causeway, the North Shore Causeway Road.  
 
Figure 3-1: Recreational Areas on Ross Barnett Reservoir 
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3.2 Site Description 
Lakeshore Park, behind the local YMCA, has a small manmade beach with a dock. It also 
has a few covered patio areas and several picnic tables (Figure 3-2). Similarly, Pelahatchie 
Shore Park has several picnic tables and a boat ramp. It does not have a designated beach 
area, but more of a rocky shoreline, which does not prevent the public from bathing in the 
water (Figure 3-3). Both areas are surrounded predominantly by neighborhoods and a few 
commercial areas located along the shoreline.  
 
Figure 3-2: Lakeshore Park (LAK) 
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Figure 3-3: Pelahatchie Shore Park (PEL) 
3.3 Sample Collection 
3.3.1 Water Samples 
Water samples were collected at each site in the spring and summer of 2013. The 
majority of sampling events occurred from May to July of 2013. Samples were collected 
twice a week (Monday and Wednesday) in the morning between 0700 h and 0900 h. Two 
water samples were collected at each location: one just beneath the surface of the water 
(0.3 ft) and one just above the sediment in the water column (1 ft).  
Samples were obtained by having the collector wade into the water at slightly above 
knee depth or wading depth (0.5 m). Care was taken by the person collecting the samples 
to minimize any cross contamination or disturbance of sediments into the water column 
during sampling. Extra measures to avoid any cross contamination included wearing 
waders and shoulder length plastic gloves while sampling. The gloves were needed when 
reaching down to collect the deeper water sample. 
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The water samples were collected by immersing sterile polyethylene cups below the 
surface of the water to the desired depth, making sure to only open and close the lid of the 
cup once it was beneath the water. All sampling was done in accordance with the MDEQ’s 
Standard Operating Procedure (SOP) for Collection of Surface Water Bacteria Samples 
(2009). A field blank using sterilized deionized water, from the lab, in the requisite sample 
bottle was also collected at Lakeshore Park during each sampling event. The field blank 
was collected to ensure that the sampling procedure was void of cross contamination from 
the person collecting the sample. All samples were placed in a closed cooler and kept at 4°C 
until analysis by the MDEQ lab. All samples were analyzed for E. coli, enterococci, and fecal 
coliform within 6 h of collection (MDEQ 2009). 
3.3.2 Instrumentation 
During each sampling event, a multiprobe sonde (YSI 6820 V2, Yellow Spring, OH) 
was deployed which recorded water temperature, specific conductance, turbidity, pH, and 
dissolved oxygen (% and mg/L) for each site. Phosphorous, oxygen, and nitrate levels were 
tested in the field using a portable multi-analyte photometer (CHEMetrics V-2000, 
Charlottesville, VA). This portable water analyzer automatically tests pre-programmed 
analytes using CHEMetrics Vacu-vials self-filling, pre-measured ampoules. A UV AB Digital 
Light Meter (General No. UV513AB, New York, NY) was used to record the solar strength at 
each site. A secchi disk was used as an additional measure to record water turbidity. Local 
climatological data for up to 3 days prior to each sampling event was collected from the 
National Oceanic and Atmospheric Administration (NOAA) Satellite and Information 
Service, using the nearby Jackson International Airport as a reference point (NOAA 2013). 
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3.3.3 Daily Observations 
At the time of each morning sampling, notes about each site were recorded. These notes 
include number of geese, amount of geese feces, trash, people in the area, weather 
parameters, etc. 
3.4 Microbial Lab Analysis 
In the MDEQ laboratory, all water samples were analyzed by membrane filtration 
which provides results as colony forming units (cfu)/100 mL. Each water sample was 
analyzed for E. coli (EPA method 1603), enterococci (EPA method 1600), and fecal coliform 
(EPA method 9222D). Initially the water samples were only analyzed for E. coli and 
enterococci, but because the state of Mississippi only tests recreational waters for fecal 
coliform, it was added 4 weeks after sampling began.  
3.5 Statistical Analysis 
3.5.1 Software 
Statistical analyses were performed using SPSS, version 21. All statistical methods 
were performed on log10 transformed bacteria data to meet parametric assumptions of 
normal distribution. Data that were not normally distributed after being transformed were 
analyzed using nonparametric analysis. Correlation analysis was used to compare means 
between both of the sampling locations. The statistical significance level was set at a p of 
0.05 unless otherwise stated (Whitman et al. 2003).  
3.5.2 Description of Statistical Tests 
To compare the raw bacterial data to the EPA Recreational water quality standards, 
the geometric mean of the surface and bottom samples for each fecal indicator bacteria was 
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calculated. Descriptive statistical analysis was performed on the data in SPSS to determine 
if the data were normally distributed and what the next step in analysis would be. These 
initial statistical tests included ways of describing the distribution of the data including 
measures of central tendency (mean, mode, median), measures of variability (range, 
standard deviation, variance), and measures of shape (kurtosis and skewness) (Field 
2013a). It is common in bacterial analysis to log10 transform the bacteria data if they do not 
meet the requirements for parametric tests (UWRRC and ASCE-EWRI 2014). 
After transforming the bacteria data, another method of determining if the data 
were normal or not was to see if the distribution of scores deviated from a comparable 
normal distribution. The Kolmogorov-Smirnov Test for Normality did this by comparing 
the scores in the sample to a normally distributed set of scores with the same mean and 
standard deviation (Field 2013a). If p > 0.05, it means that the distribution of the data set is 
not significantly different from a normal distribution and that it is probably normal. If p < 0 
.05, the test is significant, meaning that the distribution of the data set is significantly 
different from a normal distribution, or it is not normal (Field 2013a).  
If data are normally distributed, parametric tests are performed on the data. 
Otherwise, if data are not normally distributed, further statistical analysis is conducted 
with non-parametric tests. Non-parametric tests are a family of statistical procedures that 
do not rely on the restrictive assumptions of parametric tests, i.e. that the sampling 
distribution is normally distributed. Parametric tests assume that the data set is normally 
distributed, or that the data set is perfectly symmetrical with a skew and kurtosis of zero 
(Field 2013a).   
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Non-parametric tests usually overcome the issue of the shape of the distribution of 
scores by ranking the data, or finding the lowest score and ranking it as 1, then finding the 
next highest score and ranking it as 2, etc. The analysis is performed on the ranked data 
rather than the original data, thus eliminating issues with outliers and skew (Field 2013b).  
After the pathogen data was transformed and tested for normality, some of the surface 
bacteria data were normally distributed, while some of the bottom samples were not. Also 
the water quality properties were not normally distributed. To remain on the statistical 
safe side, non-parametric statistical tests were used when appropriate.  
The next step in statistical analysis was to see if any of the bacteria data and water 
quality properties were correlated. Depending if the transformed data were all normally 
distributed or not determines what kinds of correlation tests were used. The 
nonparametric correlation tests chosen for this analysis were Spearman’s rho and 
Kendall’s tau. Spearman’s correlation coefficient test is nonparametric equivalent to 
Pearson’s correlation coefficient test, which measures the strength of the relationship 
between two variables (Field 2013c). Spearman’s correlation coefficient operates by first 
ranking the data and then applies Pearson’s equation to the ranked data. Kendall’s tau is 
very similar to Spearman’s rho test, but is sometimes preferred in smaller data sets (Field 
2013c). It was added to the statistical analysis for this study for good measure and since 
the data set is a small one. Even though Spearman’s test is more popular, it has been 
suggested that Kendall’s tau provides a better estimate of the correlation in the population 
(Field 2013c).  
 Next, to understand the range and variation of some of the more important water 
quality parameters at each site, boxplots of water temperature and turbidity were created. 
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Boxplots were also used to compare the surface and bottom bacteria concentrations at 
each site. In typical water quality monitoring, the surface of the water is sampled. However, 
for this study, the bottom sample, or the water just above the sediment, was collected for 
research purposes. Boxplots, or box-whisker diagrams, are graphical representations of 
important characteristics of a set of observations. In Figure 3-4 is a description of what the 
boxplot visuals mean (Bureau of Meteorology 2015).  
 
Figure 3-4: Boxplot Description 
To analyze and compare the difference in the concentrations of bacteria at each site, 
statistical tests to compare the mean of each surface and bottom bacteria concentration 
was used. The independent t-test (parametric) was used on the log10 transformed bacteria 
surface samples at both sites and the Mann Whitney U (nonparametric equivalent t-test) 
was used on the log10 transformed bacteria bottom samples at each site. The independent 
t-test is a test using the t-statistic that establishes whether two means collected from 
independent samples differs significantly. This test is best for when only two groups are 
being compared (UWRRC and ASCE-EWRI 2014). The two groups in this study are the two 
sampling locations.  The means are expected to be almost equal, if the samples come from 
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the same population. The t-test is significant if p ≤ 0.05, and if p ≥ 0.05, then there is no 
significant difference between the means of the two samples (Field 2013d).  
The Mann-Whitney U test is the non-parametric equivalent of the independent t-
test. It looks for differences between two independent samples, or it tests the hypothesis 
that the two samples will differ from each other (Field 2013b). The Mann-Whitney test 
ranks scores from lowest to highest, uses median and mean rank, and reports the test 
statistic as U. In nonparametric tests, reporting the median is more appropriate than the 
mean (Field 2013b). The null hypothesis is rejected and the means are not equal if p ≤ 0.05. 
The null hypothesis is accepted and the means are equal if p ≥ 0.05. For this study, the null 
hypothesis is that Pelahatchie Shore Park has a more significant effect on the bacteria 
concentration.  
Finally, precipitation graphs were created to determine how the bacteria 
concentrations behaved after rain events. A rain event was defined as the sum of rainfall, 
> 0.5 inches, over a 3-day period including the morning of water sampling. Pathogen 
concentrations are typically higher after rain events. 
3.6 Remote Sensing 
3.6.1 Objective 
The objective of using remote sensing in this study was to explore this technology 
and become more familiar with this process for future work. The goal would be to use the 
remote sensing technology to determine the water quality instead of physically going into 
the field in order to save time and money. To obtain worthwhile results from using remote 
sensing for water quality analysis, more locations and a larger data set is required.  
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3.6.2 Data Collection 
Landsat data scenes were downloaded from the USGS Global Visualization Viewer 
(GLOVIS) website. The downloaded scenes had to be ones that corresponded with the 
water quality sampling dates. In Table 3-1, the downloaded scenes are displayed, along 
with the percent of cloud cover on the date of the scene. The amount of cloud cover 
determines how much area in the scene is visible and useable for analysis. The three scenes 
in Table 3-1 were the only scenes available that corresponded with the dates sampled and 
did not have any atmospheric interference. A larger data set with a wider range of sampling 
dates would probably have more usable scenes.  
Table 3-1: Landsat Data Collected 
Date Sampled Date of Scene Landsat Satellite Cloud Cover 
5/15/13 5/16/13 7 64% 
5/22/13 5/24/13 8 OLI 12% 
7/1/13 7/3/13 7 40% 
 
3.6.3 Preprocessing and Analysis 
Before analysis of each Landsat scene, the images had to be preprocessed. All 
preprocessing was done in the ERDAS Imagine and Arc Map software. For each 
downloaded scene, the multispectral bands were stacked. Next, each of the three-stacked 
scenes was subset to the same size to make sure that all of the features of the Reservoir 
were aligned appropriately. This means that if the scenes were lying on top of one another, 
the geographical features would align. One issue during subsetting the scenes was that the 
May 16th Landsat 7 scene did not subset the same as the other two scenes from May 24th 
and July 3rd. Most of the Reservoir was cut out and did not align correctly. To correct this 
problem, the multipoint geometric correction tool was used. This process is called 
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georectifying or coregistration.  It allows the map features of each scene to align correctly. 
Each stacked Landsat scene is shown in Figures 3-5 through 3-7. After correcting that 
scene, each of the 3 scenes aligned properly and all were the same size.  
 
 
 
Figure 3-5: Landsat 7 ETM+ May 16, 2013 
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Figure 3-6: Landsat 8 OLI May 24, 2013 
 
 
Figure 3-7: Landsat 7 ETM+ July 3, 2013 
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Next, additional preprocessing was performed in the Arc Map software. A Microsoft 
Excel file with the GPS coordinates of the two sampling locations was created. Next a shape 
file of the GPS coordinates was made in Arc Map. Following that, all of the subset images of 
the Reservoir were loaded into Arc Map along with the GPS coordinates shape file to be 
certain that the coordinates were in the correct position on the Landsat scenes. Finally 
before analysis, the raster values (reflectance values) of the GPS points had to be 
determined for each relevant band in Landsat 7 and Landsat 8. The relevant bands for both 
Landsat 7 and 8 were the blue, near infrared (NIR), short wave infrared (SWI), red, and 
green. The raster values were found by using the spatial analyst feature in Arc Map to 
extract the values from the GPS points. In Tables 3-2 (NASA 2014d), the band, band color, 
and spectral lengths are listed for Landsat 7 and 8 . It was important to be sure that the 
same spectral lengths were being compared between the two Landsat versions.  
Table 3-2: Landsat 7 ETM+ bands vs. Landsat 8 OLI bands 
Landsat 7 ETM+ Landsat 8 OLI 
Band 
# 
Resolution 
(m) 
Name 
Wavelength 
(µm) 
Band 
# 
Resolution 
(m) 
Name 
Wavelength 
(µm) 
 1 30 Coastal/Aerosol 0.435-0.451 
1 30 Blue 0.441-0.514 2 30 Blue 0.452-0.512 
2 30 Green 0.519-0.601 3 30 Green 0.533-0.590 
3 30 Red 0.631-0.692 4 30 Red 0.636-0.673 
4 30 NIR 0.772-0.898 5 30 NIR 0.851-0.879 
5 30 
SWIR-
1 
1.547-1.749 6 30 SWIR-1 1.566-1.651 
6 60 TIR 10.31-12.36 
10 100 TIR-1 10.60-11.19 
11 100 TIR-2 11.50-12.51 
7 30 
SWIR-
2 
2.064-2.345 7 30 SWIR-2 
2.107-
20294 
8 15 Pan 0.515-0.896 8 15 Pan 0.503-0.676 
 9 30 Cirrus 1.363-1.384 
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After obtaining the raster values for the required bands, the Normalized Difference 
Suspended Sediment Index (NDSSI) formula was calculated in order to compare the raster 
values and water quality data (Hossain et al. 2010).  
NDSSI = Blue - NIR / Blue + NIR 
This equation uses the blue band and the NIR band reflectance values. These bands are 
the most receptive to water and water depth clearness. Band 1 and Band 4 (Landsat 7 
ETM+) also typically provide the highest and lowest reflectance values for water (Hossain 
et al. 2010). The values of NDSSI range from -1 to +1. The higher positive value designates 
water that is more transparent, and the lower value designates water that is more turbid or 
land (Hossain et al. 2010). The NDSSI values were plotted against turbidity and bacteria 
concentrations. 
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4. RESULTS 
4.1 Initial Statistical Analysis Results 
To compare the raw data bacteria concentrations to the 2012 EPA recreational water 
quality standards (U.S.EPA 2012c), the geometric mean of the combination of surface and 
bottom bacteria concentrations was calculated. This combination takes into account the 
entire water column. The EPA does not take fecal coliform into consideration. However, the 
State of Mississippi only tests its recreational waters for fecal coliform, which it should not 
exceed 200 cfu/100 mL. Table 4-1 lists the comparison. 
Table 4-1: Raw data vs EPA standards 
Geometric Mean of Bacteria (cfu/100 mL) 
Indicator LAK PEL EPA Recommendation 
E. coli 120 138* 126 
Enterococci 77* 75* 35 
Fecal Coliform 113 104 - 
*Exceeds EPA recommendation 
 
As seen in Table 4-1, the EPA recommendations are exceeded at both locations, 
enterococci most noticeably. Since Mississippi only requires recreational waters to be 
analyzed for fecal coliform, the concentrations at either location do not exceed the state’s 
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limit of 200 cfu/100 mL. However, as evidenced by the E. coli and enterococci 
concentrations at both locations, possibly harmful concentrations are present.  
With the EPA’s recommendations in mind, a closer examination of the frequency of 
the bacteria exceedence was required at each location.  
At Lakeshore Park: 
• E. coli exceeded the maximum recommended value (126 cfu/100 mL) in 4 of 15 30-
day geometric means (GM); 2 of 23 samples (9%) exceeded the maximum statistical 
threshold value (STV) of 410 cfu/100mL, where at most 10% are allowed to exceed. 
• Enterococci exceeded the maximum recommended value (35 cfu/100mL) in 15 of 
15 30-day GM calculations; 6 of 23 samples (26%) exceeded the STV of 130 
cfu/100mL, where at most 10% are allowed to exceed. 
At Pelahatchie Shore Park: 
• E. coli exceeded the maximum recommended value  (126 cfu/100 mL ) in 6 of 15 30-
day GMs; 2 of 23 samples (9%) exceeded the maximum statistical threshold value 
(STV) of 410 cfu/100mL, where at most 10% are allowed to exceed. 
• Enterococci exceeded the maximum recommended value (35 cfu/100 mL) in 6 of 15 
30-day GMs; 8 of 23 samples (35%) exceeded the STV of 130 cfu/100mL, where at 
most 10% are allowed to exceed. 
The state’s water quality criteria for May through October is a maximum 30-day geometric 
mean of 200 cfu/100mL of fecal coliform and maximum of 10% exceedances of 400 
cfu/100mL of fecal coliform in a 30-day period (MDEQ 2007). The water quality at both 
locations passed the 30-day geometric mean. However, with twice per week sampling, the 
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water quality exceeded the 400 cfu/100mL in more than 10% of the samples in a 30-day 
period at both sites. 
After the bacteria data was log10 transformed, the Kolmogorov-Smirnov test was 
used to determine if the data were now normally distributed. If p > 0.05 the data was 
probably normally distributed. If p <0.05, the data was not normally distributed. Table 4-2 
lists the results. 
Table 4-2: Kolmogorov-Smirnov Test for Normality 
Kolmogorov-Smirnov Test for Normality 
Significance LAK PEL 
Surface Bacteria 
Concentrations 
> 0.05  > 0.05 
Bottom Bacteria 
Concentrations 
> 0.05 < 0.05 
 
Since the surface bacteria concentrations were both normally distributed, they were 
analyzed using parametric statistical tests. The bottom bacteria concentrations, having a 
different significance at each location, were analyzed using nonparametric tests.  
4.2 Correlations/Box Plots 
To explore how the water quality properties and the bacteria concentrations were 
correlated, spearman’s rho and kendall’s tau nonparametric statistical tests were 
calculated. Tables 4-3 and 4-4 show the significant correlations at LAK and PEL. The 
correlation is listed in each cell with its significance, p, in parentheses underneath it. 
Correlations were significant if p < 0.05. The letters NS stand for “not significant.”  
 
 
 
 52
 
Table 4-3: Significant Correlations at LAK 
Significant Correlations at Lakeshore Park (LAK) 
Water 
Properties 
FIB & Statistical Tests 
E. coli 
(Bottom) 
Fecal Coliform 
(Surface) 
Fecal Coliform 
(Bottom) 
Spearman Kendall Spearman Kendall 
Spearma
n 
Kendall 
Water Temperature 
.489 
(.033) 
.368 
(.028) 
NS 
.335 
(.046) 
.510 
(.026) 
.378 
(.025) 
Turbidity NS NS NS NS 
-.514 
(.024) 
-.361 
(.032) 
Secchi Depth NS NS NS NS 
.513 
(.025) 
.356 
(.042) 
Solar 
.535 
(.018) 
.380 
(.023) 
NS 
.335 
(.046) 
NS NS 
 
Table 4-4: Significant Correlations at PEL 
Significant Correlations at Pelahatchie Shore Park (PEL) 
Water 
Properties 
FIB & Statistical Tests 
E. coli 
(Surface) 
E. coli 
(Bottom) 
Enterococci 
(Surface) 
Enterococci 
(Bottom) 
Fecal 
Coliform 
(Surface) 
S K S K S K S K S K 
Water 
Temp. 
-.571 
(.011) 
-.368 
(.030) 
NS NS 
-.678 
(.001) 
-.491 
(.004) 
-.592 
(.008) 
-.406 
(.016) 
-.548 
(.015) 
-
.399 
(.01
7) 
pH NS NS 
-.661 
(.002) 
-.472 
(.005) 
.510 
(.026) 
NS 
-.480 
(.038) 
NS NS NS 
Turbidity NS NS NS NS 
.779 
(.000) 
.570 
(.001) 
.578 
(.009) 
.425 
(.012) 
NS NS 
Phosphat
e 
NS NS NS NS 
.604 
(.006) 
.496 
(.006) 
NS 
.356 
(.048) 
NS NS 
Both sampling locations have many similarities but the correlations between the 
bacteria and other water quality parameters differed at each site, meaning the two 
locations do not behave the same in terms of bacteria concentration. One issue that could 
cause this difference in the two geographically close locations is that the North Shore 
Parkway causeway separating them. Refer to photo (Figure 4-1). The beginning of the 
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causeway, nearest to both locations, is a boat channel that allows water traffic through, 
while the rest of the causeway is an embankment blocking the flow of water. The North 
Shore Parkway causeway restricts water flow and circulation in the area surrounding 
Pelahatchie Shore Park as seen by the photo below.  The causeway results in a build of 
sediment in Pelahatchie Bay.  
 
Figure 4-1: Turbidity at LAK and PEL 
Also at both locations, the water temperature and turbidity were negatively 
correlated, as seen in Tables 4-3 and 4-4. More specifically, turbidity was negatively 
correlated with the bottom fecal coliform concentrations at Lakeshore Park and water 
temperature was negatively correlated with all of the bacteria concentrations it had a 
significant relationship with at Pelahatchie Shore Park.  
To gain a more thorough understanding of these two water quality properties at 
each site, box plots of each were created. The water temperature box plots, Figure 4-2, 
show that Lakeshore Park has a larger spread and range, meaning it has a greater variation 
in temperature. This explains why this location had more positive correlations than 
Pelahatchie Shore Park. The Pelahatchie Shore Park box plots display less variation in 
temperature, which explains the negatively correlated bacteria and water temperature 
results. The causeway blocks in the water at Pelahatchie, making it more stagnant with less 
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circulation than the water at Lakeshore Park. The medians in water temperature at both 
locations are almost the same, and both box plots are negatively skewed.  
The turbidity box plots, Figure 4-3, at each location are both positively skewed with 
medians that were not similar. Pelahatchie Shore has a greater median with a larger spread 
and range suggesting more variation in turbidity, or more sediment buildup in the water. 
The lower variation in turbidity at Lakeshore Park explains the negative relationships 
between bacteria and the water quality variables. The water at Lakeshore Park is open to 
the rest of the Reservoir allowing more circulation and less sediment buildup and 
stagnation.  
 
Figure 4-2: Water Temperature Boxplots at LAK and PEL 
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Figure 4-3: Turbidity Boxplots at LAK and PEL 
 
4.3 Bacteria Comparison 
To compare the bacteria concentrations at each location, statistical tests that 
compared the means of the concentrations were used. The results of the independent t-
tests for the parametric surface bacteria concentrations are listed below. The t statistic is 
found by dividing the mean difference by the standard error of the sampling distribution of 
differences. The value of t is then compared to the value of t one might expect to get by 
chance when you have certain degrees of freedom. The degrees of freedom are found by 
adding the two sample sizes and then subtracting by the number of samples. The value of t 
is reported with the degrees of freedom in parenthesis, followed by the exact significance 
(p) of t. If p > 0.05 the test was not significant, and if p < 0.05, the test was significant. 
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• Surface E. coli: 
– PEL (Mean (M) = 1.99, Standard Error Mean (SEM)= 0.133) had a slightly 
higher concentration than did LAK (Mean= 1.92, SEM = 0.091). 
– Mean difference (-0.071) was NOT significant  
• t (36) = - 0.441 
• p = 0.662 ( > 0.05) 
• Surface Enterococci: 
– LAK (M = 1.8223, SEM = 0.08857) had a slightly higher concentration than 
did PEL (M= 1.6602, SEM = 0.14993). 
– Mean difference (0.16209) was NOT significant  
• t (36) = -0.931 
• p = 0.358 ( > 0.05) 
• Surface Fecal Coliform: 
– PEL (M = 2.0318, SEM = 0.12081) had a slightly higher concentration than 
did LAK (M= 1.9824, SEM = 0.06621). 
– Mean difference (- 0.04948) was NOT significant  
• t (36) = - 0.359 
• p = .722 ( > 0.05) 
For the surface bacteria concentrations, there was no significant difference between the 
bacteria concentrations between the two sites. However, Pelahatchie Shore Park had 
slightly higher surface bacteria concentrations.  
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The results of the nonparametric t-test equivalent, Mann Whitney, for the bottom 
bacteria concentrations are listed below. For this test, the median is more appropriate to 
report than the mean (t-test). The U statistic is equivalent to the t statistic and is reported 
with its significance (p) following it. The U statistic is found by using this equation: 
U = N1N2 + (N1 (N1 +1)/2)-R1 
where N1 and N2 are the sample sizes of the two groups and R1 is the sum of ranks for the 
first group. 
• E. coli bottom samples: 
– LAK (Median = 2.13) had higher concentrations than at PEL (Median (Mdn) = 
2.11), but did NOT differ significantly  
• U = 135 
• p = 0.193 ( >0.05) 
• Mean Rank:  
– LAK (21.8) > PEL (17.1) 
• Enterococci bottom samples: 
– PEL ( Mdn = 1.8129 ) had higher concentrations than at LAK (Mdn = 1.6990), 
but did NOT differ significantly  
• U = 179.5 
• p =0.983 ( > 0.05) 
• Mean Rank:  
– PEL (19.55) > LAK (19.45) 
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• Fecal Coliform bottom samples: 
– LAK ( Mdn = 2.2041 ) had higher concentrations than at PEL (Mdn = 2.0792), 
but did NOT differ significantly  
• U = 179.5 
• p = 0.983 ( > 0.05) 
• Mean Rank:  
– LAK (19.55) > PEL (19.45) 
There was no significant difference of bacteria concentrations at these 2 locations, 
but Lakeshore Park had greater bottom concentrations overall. To see the spread and 
range of surface and bottom bacteria between the sites, boxplots were again created. See 
Figures 4-4 through 4-9. 
 
Figure 4-4: E. coli surface boxplot 
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Figure 4-5: E. coli bottom boxplot 
 
Figure 4-6: Enterococci surface boxplot 
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Figure 4-7: Enterococci bottom boxplot 
 
Figure 4-8: Fecal coliform surface boxplot 
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Figure 4-9: Fecal coliform bottom boxplot 
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4.4 Precipitation Graphs  
 
Figure 4-10: LAK surface precipitation graph 
 
Figure 4-11: LAK bottom precipitation graph 
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Figure 4-12: PEL surface precipitation graph 
 
Figure 4-13: PEL bottom precipitation graph 
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Bacteria concentrations tend to be higher after rain events, because all of storm 
water runoff. For this study, a rain event was classified as the sum of rainfall over 72 hours 
> 0.5 inches. In the above graphs (Figures 4-10 through4-13), the bacteria after rain events 
are written as “enterococci wet” and after no rain as “enterococci dry.” Overall, Pelahatchie 
Shore Park had higher concentrations after rain events than did Lakeshore Park. Lakeshore 
Park had the highest surface concentrations as follows: E. coli (wet) and enterococci (wet). 
The highest bottom concentrations are Lakeshore were enterococci (wet) and E. coli (dry). 
Pelahatchie Shore Park had the highest surface concentrations: E. coli (wet) and 
enterococci (wet), while the highest bottom concentrations were E. coli (wet) and 
enterococci (wet). As seen above, enterococci had the highest concentrations at both sites 
(surface and bottom) after rain events out of all the bacteria. 
4.5 Remote Sensing 
After calculating the NDSSI values for each sampling date and location (Table 4-5), 
the relationships between turbidity and NDSSI were plotted, as well as bacteria and NDSSI, 
using a simple best fit curve using Microsoft Excel. The NDSSI values were only compared 
to the surface bacteria concentrations because that is typically what is measured by 
monitoring agencies. The lower the NDSSI value means the water is more turbid. In Figures 
4-14 through 4-17, a relationship can be seen: the more turbid the water, the higher the 
bacteria concentration. This relationship follows the results from the previous statistical 
analysis. The equation of the curve (a power model) and the R2 value are in the upper 
corner of each graph. The “y” in the equation would ideally be the bacteria concentration 
prediction and the “x” would be the NDSSI value that is plugged into the equation. 
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Table 4-5: Raster Value Table 
WQ Parameters
Sampling Dates Landsat Location Blue NIR NDSSI Turbidity (NTU) EC_s ENT_s FC_s
1-Jul-13 7 Lak 87 21 0.61111 5.4 19 42 38
PEL 93 22 0.61739 10.7 31 20 88
15-May-13 7 Lak 120 45 0.45455 12.7 55 131 90
PEL 123 40 0.5092 25.9 135 335 108
22-May-13 8 Lak 9280 6201 0.19889 9.8 140 113 100
PEL 9452 6074 0.21757 14 185 37 155
BacteriaRaster Values/DN
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Figure 4-14: Turbidity vs. NDSSI 
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Figure 4-15: E. coli vs. NDSSI 
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Figure 4-16: Enterococci vs. NDSSI 
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Figure 4-17: Fecal Coliform vs. NDSSI 
These results demonstrate the potential work that can be done in the future for 
remote sensing and water quality data. For future work, it will be important to get several 
Landsat scenes that are as close as possible to the water collection dates. If appropriate 
methods are used and Landsat scenes are available, an equation should be found that can 
predict the water quality from the raster values that are from various GPS points in the 
water. It could also be used to measure past water quality.  
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5. CONCLUSIONS 
The process of recreational water quality monitoring can be improved upon. Currently, 
after collecting water samples in the morning and taking them to the lab to be analyzed, the 
results of the analysis aren’t available until 24 hours later. This long time frame results in 
unnecessary exposure of the public to potentially harmful levels of pathogens that could 
result in a myriad of illnesses.  
In the process of studying the Ross Barnett Reservoir, the goal was to determine what 
water quality conditions (that could be measured in a short amount of time, i.e. an hour) 
could indicate harmful levels of bacteria in recreational waters. Some significant 
conclusions of this study are as follows: 
• The North shore causeway blocks in the water at Pelahatchie Shore Park area, 
making it more stagnant with less circulation than the water at Lakeshore Park. The 
medians in water temperature at both locations are almost the same, but 
temperatures at Lakeshore Park skewed lower (see Figure 4-2), indicating higher 
water circulation and mixing with other sources of water.  
• The lower turbidity (see Figure 4-3) at Lakeshore Park explains that the water is 
open to the rest of the Reservoir, allowing more circulation and less sediment 
buildup and stagnation.  
• Bottom bacteria samples had greater concentrations of bacteria than surface 
samples generally. This could be due to bacteria reproducing in the sediment. 
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• The two locations do not behave significantly differently in terms of bacteria 
concentrations, but Lakeshore Park had higher bottom sample concentrations, 
which could be associated with the swarms of geese that stay there. This high level 
of bacteria in the sediment could be an issue for children who have a greater 
exposure to the sediment there rather than at Pelahatchie Shore Park. Pelahatchie 
Shore Park had higher surface sample concentrations, which could be related to the 
influx of sediment from construction sites on Pelahatchie River. Although there is no 
actual beach here, people still get in the water.  
• Correlations between bacteria and other parameters differed at each site, meaning 
that the sites do not behave same. 
• After rain events, overall Pelahatchie Shore Park had higher bacteria concentrations. 
Enterococci (surface and bottom) at both sites exceeded the recommended  
35 cfu/100 mL after all rain events. 
• From the remote sensing analysis, there is potential in the calculated value of the 
Normalized Difference Suspended Sediment Index (NDSSI) to predict turbidity and 
bacteria concentrations.  
• A potential water quality condition that indicates harmful levels of bacteria is 
turbidity at sites with low water circulation following rain events. 
There were some limitations with this study. Due to the data set being quite small, the 
statistical analysis and remote sensing research was limited in what could be 
accomplished. In further studies, it would be beneficial to have a longer sampling time 
resulting in a larger data set. This would allow for a more in-depth statistical analysis to be 
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completed and also allow for more sampling dates to be used in the remote sensing 
analysis.  
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